Supplemental Text Molecular Dynamics Simulation
The standard velocity-Verlet integrator is used to update the position of atoms based on Newton's equations of motion:
where and are the position and the acceleration vector of each atom, M denotes the ⃗ ( )̈⃗ ( ) mass of atom, and F is the net force calculated from atomic interactions. The position of atoms is updated through the following time stepping method:
where , v, and a are associated with the timestep, velocity, and acceleration of the atom at Δ current time (t) respectively. This formula evaluates the updated position for all 3 directions (i.e., k = 1, 2, 3) at time . Velocity is calculated and updated with the following equations:
Evaluation of acceleration for each time step is performed through the following equation:
Force is measured as the derivative of potential designated between atoms. For example, this can be accomplished with through the use of the Lennard-Jones potential:
Therefore, the applied force from atom i on atom j is equal to:
Where ε is the depth of the potential well, σ is the equilibrium distance for zero potential, and r is the distance between atoms.
Periodic boundary conditions are set in all 3 directions to maintain the number of atoms constant and the volume of the simulation cell fixed. These periodic boundary conditions permit cohesion between elements so that atoms exiting one boundary will result in atoms entering from the opposite face. The model designed with periodic boundaries will permit atomic interactions as well as interactions between graphene flakes as would be expected in a realworld scenario. In the current work a separate atom type is attributed to each graphene flake to help with the visualization as well as setup of the Lennard-Jones potential for inter-layer interactions. In the equilibrium state, the canonical ensemble is used to reach a stationary temperature of 300 K. NVT ensemble (i.e., the canonical ensemble where the amount of substance (N), volume (V), and temperature (T) are conserved) is favored over NPT (where the isothermal-isobaric ensemble, amount of substance (N), pressure (P) and temperature (T) are conserved) due to the large free space in the simulation box. In this scenario, the barostat from the NPT ensemble will force the simulation box to shrink-a result that is not realistic for the case of floating graphene flakes. However in an NVT ensemble, the number of atoms as well as the volume and temperature of the simulation box will be held constant. To obtain the target temperature a Noose-hoover thermostat is implemented via the NVT ensemble. This Noosehoover thermostat affects the velocity of atoms by:
ζ is thermodynamic friction coefficient given by the following equation:
where is the thermal inertia parameter (i.e., the energy constant multiplied by time constant to the power of two), N is the total number of atoms, and X is the degree of freedom corresponding to the system (3N), is boltzmann constant and T is temperature of system in units of kelvin, which can be calculated by:
In this formula is the indicator of total kinetic energy of the system.
The time constant for the Nose-hoover thermostat is set to 100 timesteps (0.1ps) which forces the simulation to reach a regulated temperature of 300 K in 0.1ps. However, the laser heating is performed by a NVE ensemble, where a heating source of 500 eV/ps per graphene flake is applied. This heating is simulated by scaling the velocity of atoms which will result in temperature rise as denoted in the last equation. The OVITO package is used for visualization [S5] . Figure S1 : Profliometer thickness measurement of a graphene electrode inkjet printed on a polyimide substrate. The graphene electrode was created with 60 printer passes and was subsequently laser annealed with a power density of 85 mJ cm -2 . The thickness measurement is noticeably rough-a characteristic that is consistent with the development of petal-like graphene petals (see FESEM images of the graphene electrodes annealed with a laser power density of 85 mJ cm -2 : Fig. S4 ). Figure S2 : From Left to Right: (left) snapshots of graphene inkjet printed on n ++ -Si/SiO 2 (300 nm) wafer, (middle) Kodak® cellulose photo paper, and (right) Kapton® polyimide foil. All substrates (except cellulose paper, which was simply dried with a nitrogen gun) were cleaned with acetone and methanol and subsequently dried with nitrogen gas prior to printing. Initial inkjet printing tests were performed on silicon to verify the printer settings and ink viscosity requirements necessary for inkjet printing graphene. The experiments performed in this work were conducted with graphene inkjet printed on flexible substrates, viz., cellulose and polymide. Figure S3 : Mechanical bending test of a representative array of graphene electrodes printed on a polyimide sheet with 60 printing passes and a subsequent laser annealing with 40 mJ cm -2 energy density. The resistances in both the straight and bent states are almost identical with no apparent physical cracking of the printed graphene. The results show stable electrical conductivity even after multiple bending tests (i.e., 100 bending cycles), indicating the potential suitability of these printed graphene electrodes in a wide variety of applications were flexibility is paramount. ) with laser annealing at a laser power density of 40 mJ cm -2 . The unannealed electrode (a) displays no change in the current with the sweeping of electrode voltage-indicating that unnannealed printed graphene is too resistive for electrochemical sensing. The laser annealed printed graphene electrode (b) displayed a very broad and relatively small redox peak at the lowest scan rate (5 mV/ sec). This CV indicates that even at low power densities, the laser annealing process can begin to transform the printed graphene into an electroactive surface. 
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